5-n-Alkylresorcinols, l,3-Dihydroxy-5-alk(en)ylbenzene, 1,3-Benzenediol, G inkgo biloba These studies were undertaken to characterise resorcinolic lipids (5-n-alk(en)ylresorcinols) composition and to determine their seasonal fluctuations in fruit pulp and leaves of G inkgo biloba L. Resorcinolic lipid concentrations were consistently higher in fruit pulp than in leaves. In pulp, several mono-and di-unsaturated homologs of alkylresorcinols were the predominant group of analysed lipids. Contrary to the fruit pulp, only 5-rc-pentadecylresorcinol was demonstrated in leaves. Initially, the alkylresorcinol's content both in pulp and leaves increased until June -July and decreased following seeds ripening. This trend continued until senescence of leaves in late September and October.
Introduction
G inkgo biloba originates from Eastern China where it grows wild. This ancient species is at pre sent widely cultivated as ornamentals either at bo tanical gardens or parks. G inkgo tree is also planted as a valuable natural source of several groups of compounds, including essential oils, fla vour and fragrance compounds, various lipid classes such carotenes and phenolic lipids, and al kaloids. These chemical components are important from pharmacological and medical point of view (Jarvis and Morgan, 1997) . The green seed kernels are also edible (e.g., Kleijnen and Knipschild, 1992; Wada and Haga, 1997) .
Uncommon properties of Ginkgo leaves are known in Japan since ancient times, where they are inserted between book pages as a preservative. An increased focus on studies of G inkgo revealed a wide range of its important therapeutic and pharmacological effects on human health. Particu larly, extracts from Ginkgo have a wide applica tion for treating various cardiovascular and neuro logical diseases (Oyama et al., 1994) . Two groups § Present address: Wroclaw University of Medicine, Department of Biophysics, Chalubiriskiego 10, 50-368 Wroclaw, Poland. § § Present address: Agricultural University, Depart ment of Agricultural Microbiology, Grunwaldzka 53, 50-375 Wroclaw, Poland.
of biologically active compounds -ginkgoflavonolglycosides and terpenoids -are used because of their favourable effect on central nervous sys tem, insufficient blood supply and anoxia (Otta and Wojcik, 1998) . Extracts of G inkgo leaves, for similar reasons, have also been applied in cosme tology as a constituents of wide, multifunctional line of skin care products (Domagala, 1998) . Be sides beneficial effects, a negative influence of G inkgo extracts, like e.g., dermatitis, developed in human and animal organisms, has been recog nised. Those beneficial and negative effects are triggered off among others by phenolic com pounds, which constitute an important group of the plant secondary metabolites. Among phenolic compounds, the presence of phenolic acids (protocatechoic, p-hydroxybenzoic, vanillic, caffeic, isovanillic, p-coumaric, ferulic, and sinapic) in Ginkgo leaves was described recently by EllnainWojtaszek and Zgorka (1999) . Furthermore, alkylphenols and their acidic derivatives -anacardic acids -are well known (Gellerman et al., 1974) . Historically, G inkgo biloba is the first plant spe cies, where another subclass of non-isoprenoid phenolic lipids -called 5-alkylresorcinols -has also been found (Morimoto et al., 1968) . The triv ial name "bilobol" was used with reference to 5-«-pentadec-8(Z)-enyl-resorcinol (Fig. 1) . Accord ing to the described biological activities (see e.g. (Kozubek and Tyman, 1999; Zarnowski et al., In this report, fluctuations in resorcinolic lipid content in Ginkgo fruit pulp and leaves during the growing season is demonstrated.
Materials and Methods

Plant material, harvesting procedures and sample preparation
Fruit pulp and leaves were collected in the Uni versity of Wroclaw Botanical Garden periodically during the growth season in 1996. The Ginkgo specimen, with the thickness circumference of 270 cm, over 65 years of age consists of two trees: a male and a female that grow together. Pulp and leaves were harvested at intervals, beginning in April 1996 and ending in October 1996. The sam ples were cut with a cutter solely from female specimen. Seed kernel was removed from fruit pulp. Collected material was immediately frozen in liquid N2 and kept in plastic bags at -70 °C until further laboratory analysis. Each of the collected samples were cut into small pieces and finely ground in a mortar.
Chemicals
TLC plates were from Merck, Poznan (Poland), silica gel Si60 for column chromatography from Baker, Lodz (Poland). Diazonium salt Fast Blue B x BF4 was a kind gift from Lachema, Prague (Czech Republic). Standard alkylresorcinols and 5-n-pentadecylresorcinol were isolated chromatographically (Kozubek, 1985) from mature rye grains and from CNSL (Cashew Nut Shell Liquid. Cardolite Co., USA) and used as saturated conge ners after hydrogenation of the enoic constituents. Other chemicals of the highest available purity were from Polskie Odczynniki Chemiczne (POCh), Gliwice (Poland).
Isolation and purification o f resorcinolic lipids
Each of ground sample of plant material was extracted with acetone for 24 hr. The volume of the organic solvent was adjusted to soak the sam ple completely. The extracts were separated by filtration and plant material was re-extracted with a similar volume of acetone. Both extracts were combined and acetone was removed in rotary vac uum evaporator. The dry residue was redissolved in 1 ml of CHCI3 and then applied onto a glass column (0 15 x 200 mm) filled with silica gel 60 suspended in CHC13. Flash column chromatogra phy was carried out first with CHC13 and then with CHCl3:AcOEt (85:15, v/v); 5 ml fractions were col lected manually. Each fraction was tested for pres ence of alkylresorcinols by spotting (approxi mately 1 0 [il) on a small piece of silica gel covered TLC plate and wetting with aqueous Fast Blue B (0.1%, w/v). The appearance of characteristic redviolet colour indicated the presence of studied compounds (Kozubek and Tyman, 1995) . Fractions containing alkylresorcinols were combined, con centrated under a stream of nitrogen gas and ap plied to preparative TLC plates (2 mm layer) cov ered with silica gel. Chromatograms were run in H-hexane:ethyl ether:formic acid (70:30:1, by v). After separation solvents were evaporated and plates masked with a piece of a cardboard precut to the size that left a 1 cm wide strip of the gel on the both sides of the plate and sprayed with aque ous Fast Blue B x BF4. The band of alkylresorci nols has been identified both by its characteristic red-violet colour and the R f value. Appropriate parts of the gel, corresponding with standard al kylresorcinols, were scrapped off, transfered into a dry tube and extracted with acetone for 2 hr. After centrifugation and removal of the solvent, the resi due was dissolved in 0.5 ml of CHC13 and used for further analyses.
Identification o f alkylresorcinols and analysis o f hom olog composition
Resorcinolic lipids were identified by chromato graphic and spectroscopic means. Alkylresorcinols isolated from fruit pulp were further analysed in EI-MS (70eV) after their chemical modification into tetramethylsilyl ethers (TMS) derivatives. Mass spectral analyses were performed at The In strumental Analyses Laboratory at the Faculty of Chemistry, Adam Mickiewicz University, Poznan, Poland. Spectra were obtained by ESI MS (Finnigan Mat PSQ 700) and GC/MS on Hewlett Pack ard 5890 Series II gas chromatograph coupled with an E l mass spectrometer (A M D Intectra). Addi tionally, resorcinolic lipids isolated from leaves were analysed in 'H-NMR (300 MHz, CDC13-C D 3O D), 13C-NMR (75 MHz, CDCI3-CD3OD) and GC/MS (70 eV, DB-1 column, GC conditions: 80 °C for 1 min, 30°/min to 230, 10 °C/min to 320 and 320 °C for 2 min: injection at 250 °C). Data were compared with those reported elsewhere (Kozubek and Tyman, 1995; Kozubek and Tyman, 1999; Vincieri et al., 1981) . Besides MS analysis, composition of resorcinolic homologs according to the length of the side-chain was also determined using both the reversed-phase TLC plates (Merck 5914) (Kozubek, 1985) and the normal-phase TLC plates covered with aluminum oxide (Merck 5581) (Tluscik and Kozubek, 1984) . Composition of ho mologs according to their unsaturation of the sidechain was done in argentation chromatography on TLC silica gel plates impregnated with 5% silver nitrate in 50% aqueous methanol (Kaczmarek and Tluscik, 1984) .
Quantitative determination o f alkylresorcinols
The microcolorimetric method (Tluscik et al., 1981) was used for quantitative determination of alkylresorcinols in plant material. Briefly, the sam ple containing alkylresorcinols, dissolved in chlo roform was put into dry glass tube and the solvent was evaporated with the stream of nitrogen gas. To the dry residue 4 ml of the reagent prepared by 5-fold dilution with n-propyl alcohol of 0.05% (w/ v) Fast Blue B x BF4 in 5% acetic acid were added. The content was thoroughly mixed using a Vortex mixer and left in the dark for an hour. The colour developed was read at 520 nm against the reagent blank. The content of alkylresorcinols was esti mated using a calibration curve (1 -1 0 |ig) pre pared with 5-/?-pentadecylresorcinol as a refer ence compound.
Statistical analysis
Each of samples was analysed in triplicate. The results of quantitative determinations were ana lysed statistically and standard error did not ex ceed 5%.
Acetone extracts from G inkgo biloba pulp and leaves were separated by CC and TLC on silica gel. Staining with Fast Blue B x BF4 allowed the preliminary identification of alkylresorcinols, ex hibiting characteristic red-violet colour and mobil ity value (/?f) that was identical to authentic 1,3-dihydroxy-5-alkylbenzenes (Kozubek and Tyman, 1995) . The MS analysis of alkylresorcinols isolated from G inkgo pulp and leaves, provided further evidence on their basic skeletal structure. This method enabled the determination of alkyl chain length as well as the chain unsaturation degree. Isolated material showed presence of characteris tic for alkylresorcinols base ionic peaks. The un ambiguous identification of alkylresorcinols was disclosed by the occurrence of peaks at m/z 123 and 124 and their mutual ratio 1:4 or 1:5. In sam ples from fruit pulp, the occurrence of several par ent molecular ions with m/z masses from 320 to 432 confirmed presence of homologs from C15 to C23 with various degree of the side chain unsatu ration. Additionally, the ]H and 13C N M R tech niques were applied for analysis of alkylresorci nols isolated from leaves. In this case, only the presence of 5 -/7-pentadecylresorcinol was verified, only. Spectral data are summarized in Table I .
Quantitative determination of alkylresorcinols in analysed samples was made by a microcolori metric method based on measurement of absor bances of the red-violet complex between alkylre sorcinols and diazonic salt, Fast Blue B. Reversedand normal-phase TLC analyses identified homo log compositions in plant samples. The same ho mologs were identified by electron impact mass spectrometry. Alkylresorcinol content is summa rized in Table II. Application of argentation chromatography al lowed to establish enoic homologs compositions. It has been found that unripe pulp (sample PI) contains only saturated homologs. Fully mature pulp (sample P7) contained predominantly dienoic (about 83%) and monoenoic (13%) homologs. Only 4% of resorcinolic lipids with a saturated side chain were present in pulp tissues. In contrast, leaves contain only saturated alkylresorcinols dur ing the whole growth season. The sample codes are related to the date of sample collection (colum 2 of the Table) .
Results
Discussion
We have demonstrated that alkylresorcinols in Ginkgo biloba vary both in contents and composi tion depending on organ and time of vegetation. The level of resorcinolic lipid increased during seed development and was positively correlated with seed growth. While the intensity of seed growth slowed down, the content of alkylresorci nols was highest. Afterwards, the alkylresorcinol level decreased. This phenomenon may be ex plained either as a result of biochemical modifica tion of resorcinolic lipids, such as glycosylation of hydroxyl groups, or as a consequence of alkylre sorcinols deposition in other parts of the plant. Simultaneously, the level of side chain saturation has been changed from saturated into mono-and dienoic alkylresorcinols. These observations show resorcinolic lipids as first and foremost compounds abundant component of G inkgo pulp. The major ity of alkylresorcinol homologs in mature pulp were C15 and C17 congeners (over 98%) with most prominent C17:2 and C15:l homologues (ap prox. 85%) - Table III . Our results indicate that G inkgo tissues contain up to 400 mg of alkylresorcinols per kilogram. At the same time, plant tissues differ each with re spect of phenolic lipid concentrations. Apparently this is important from the plant antipathogen-defence point of view. Biological activities of resor cinolic lipids vs. bacteria and fungi have already been reported, (e.g., Zarnowski et al., 1999) . The accumulation of alkylresorcinols in pulp may either limit the colonization of seeds with phytopathogenic microorganisms or change the plant attractivity to herbivores. The lower content in leaves probably is due to the fact that they contain also other bioactive compounds, either completely absent in pulp or at the very low concentration. Resorcinolic lipids may not only affect above men tioned microorganisms. Alkylresorcinols accumu- lated in Ginkgo organs might also participate to some ecological functions, as important compo nents in the soil when seeds are left in the field. Alkylresorcinols as plant phenols may persist in the soil and affect certain soil microorganisms. Thereby, they may actively participate both in the formation of microflora composition, and affect the process of decomposition of organic matter.
